Abstract: Structural frames, constructed either of steel or reinforced concrete (RC), are often infilled with 18 masonry panels. However, during the analysis of the structural frames, it has become common practice to 19 disregard the existence of infills because of the complexity in modeling. This omission should not be allowed 20 because the two contributions (of infills and of frames) complement each other in providing a so different 21 structural system. The use of different modeling assumptions significantly affects the capacity as well as the 22 inelastic demand and safety assessment. In specific, the adoption of equivalent diagonal pin-jointed struts 23 leaves open the problem of the evaluation of the additional shear on columns and consequently of the choice 24 of a proper eccentricity for the diagonal struts. In this context, this paper presents the results of a real case 25 study. The seismic performance of the RC structure of a school is evaluated by using concentric equivalent 26 struts for modeling infills and the level of the additional shear on the columns is fixed as a rate of the axial 27 force on them in agreement to a strong correlation obtained after a numerical experimentation. Hence, the 28 applicability of the correlation mentioned before is shown and the form in which the results can be provided 29 is presented. The characteristics of the new approach, first time applied to a real case, are highlighted by a 30 comparison between the performance obtainable with different modeling detail levels of the infills. Through 31 the paper, it is proved that the simplified evaluation of the additional shear demand produced by infills just 32 for the base columns is sufficient to warn that a simplified model disregarding infills or based on the use of 33 concentric struts for the infills may considerably overestimate the structural capacity. Further, by the study of 34 a real case, the paper provides an overview of the models developed by the authors to obtain the capacity of 35 reinforced concrete framed structure for the practical applications. 36 2 Keywords: Masonry infill wall panels; RC frames; pushover analysis; local shear action. 37
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Introduction

38
Building frames are usually infilled with masonry walls as a natural consequence of the necessity of 39 separating the internal spaces from the external environment. Although masonry infills are not 40 designed as structural elements per se, their interaction with the RC frames significantly influences 41 the structural behavior of a building in terms of stiffness, strength and overall ductility. During an 6 overall capacity in terms of strength, stiffness, and ductility. The interest is focused on the problem 137 of the evaluation of the additional shear on columns produced by infills that may anticipate the 138 collapse and on how can be solved maintaining the simple approach of substituting infill by a 139 concentric diagonal strut. To this aim a case study is discussed in which, first time, a) the procedure 140 proposed in Cavaleri, & Di Trapani (2015) is experimented, b) which strategy has to be used for its 141 application its applicability is tested and c) a strategy for presenting the results is provided.
142
In order to highlight the approach presented a comparison between the results coming from 143 different assumptions is provided: a) neglecting of infills contribution, b) concentric macro-144 modeling and c) concentric macro-modeling with the prediction of local interaction effects.
145
As a case study an existing three-storey RC building, infilled with hollow clay block masonry wall 146 panels, has been studied. The building serves as a school and has been built in Avezzano (Italy) in 147 the 1950s. The building was recently subjected to a structural quick inspection and assessment of its 
Description of the building and adopted mechanical parameters
156
The building under investigation is an RC framed structure constructed in the 1950s. It is composed for Em inserted in Table 4 represents a value to be applied to the two directions above mentioned.
188
The value for Gm was estimated, as proposed by different codes (included MSJC), as 0.4 of Em.
189
Starting from the strength of bricks (15 Mpa) and of mortar (10 Mpa) used for the infills, it was 190 possible the estimation of the shear strength fv0m by using a specific correlation provided by the 
where  depends on the dimensionless axial load n (Colajanni, Cucchiara, & Papia, 2012).
208
At this stage the issue of the shear strength of the beam-column joints has been disregarded, that is 209 the over strength of them has been considered with respect to the end of columns with the intention 210 to treat the problem in a following study. 
Equivalent struts
212
The equivalent strut macro-modelling approach was chosen to simulate the contribution of the infill 
where Ed is the Young modulus of masonry panel along the direction in which the diagonal (having 
The slope of the softening branch was determined by setting fixed ratio between ultimate 228 drifts (at zero strength of infill, Du) and peak drifts as follows: 
The coefficient z depends on the aspect ratio of the infill and is equal to 1.0 in the case of 
In Eq. (11) fv0m is the masonry shear strength at zero compression. The shear strength is modified 259 by the coefficient  taking implicitly into account the possible failure mechanisms of infills (local 260 at the corners, global with diagonal cracks). In fact, the failure mechanism is strongly affected by 261 the characteristics of the detachment between frame and infill during lateral loading to which 262 explicitly is connected the parameters .
263
Results from the identification procedure for the equivalent strut constitutive laws are 264 summarized in Table 5 . For the different cases and typologies considered, the force-drift curves 265 adopted are shown in Figure 6 . strength not lesser than the 85% of the peak strength) for the first participation factor (1).
289
The stiffness k * associated to each SDOF system response and the related period T * was 290 calculated in agreement to the rules of the N2 method as 
The reduction factors procedure refers to Miranda & Bertero (1994) and are shown below:
In the original form the N2 method provides the evaluation of the constant ductility demand In the case here discussed, a comparison of the displacement capacity with that given by the 319 demand inelastic spectrum obtained the R--T relationship by Miranda and Bertero (1994) is 15 possible because the displacement capacity itself is fixed at an ultimate strength not lesser than the 321 85% of the peak strength. This strategy is normally suggested by the current codes.
322
The components of the inelastic demand spectrum (Sa, Sd) for the requested ductility r were 323 determined by means of the following relationships (Vidic, Fajfar, & Fishinger, 1994).
In Eq. (18) only r is fixed. The reduction factor R varies with the period T according to the 325 previously defined R--T relationship. The performance point (PP) individuating the target 326 displacement of the SDOF equivalent system was finally calculated as:
In order to obtain the target displacement of the structure, it has to be multiplied by the first modal 328 participation factor as provided by the N2 method. frame cannot be ignored having as consequence a non-conservative assessment of the structural 335 capacity. Actually, the estimation of the additional shear produced by the infills is entrusted to the 336 introduction of eccentric struts whose calibration is not so simple (e.g. Crisafulli 1997) and request 337 models with a high level of uncertainty.
16
The idea developed in this paper is that the modeling of infills should be done by concentric struts 339 because of the simplicity of this approach. Further, the additional shear produced by infills in the 340 surrounding frame elements should be calculated by a specific strategy.
341
The focus of this study specifically regards the evaluation of the actual shear transfer to columns, in (weak frame with strong infill, strong frame with weak infill and so on). As a result of the numerical 357 experimentation, a parameter characterizing the single infilled frame has been found.
358
In details, the single infilled frame is identified by the parameter  defined as follows:
where  * is the beam height to column height ratio while  * is a parameter depending on the 360 geometrical and mechanical characteristics of the infills and the surrounding frame, that is already 361 defined by Eq. (8).
362
The parameter  is related to the "shear distribution coefficients" defining the ratio
between the actual shear V on the end cross-sections of the frame elements and the axial load N 364 acting on the strut. The cross-sections mentioned before have been labeled with the acronyms, 
The actual shear demand on the column base cross sections is therefore calculated as:
The range of values of the parameter CSE can be observed in Figure 11 .
370
The following steps have been therefore undertaken for the push over analysis: 
General assumptions
18
The effect of different levels of modelling of the structure chosen as case study has been 379 highlighted in order to show that as is not enough the modeling of frames neglecting infills, it is not 380 enough the modeling of infills by concentric struts neglecting the additional shear produced by 381 infills on frame members. The effect of different types of structural models for the case study 382 structure has been discussed in order to highlight not only that a modeling neglecting the infills is 383 not appropriate, but also that a modeling considering infills by equivalent concentric struts lead to a 384 strongly not reliable assessment of the safety level. Also, it is shown that the simplicity of the 385 approach based on concentric struts can be maintained if a proper strategy for the assessment of the 386 additional shear is adopted. Finally, how to apply a new strategy for the assessment of the additional 387 shear based on a correlation with the axial force in the equivalent strut is shown.
388
The static pushover analysis (in X and Y direction) and the N2 assessment method has been used.
389
In particular, the following cases were analyzed and compared: been considered as a reference point (this is consistent with the fact that the building under study 397 serves as a school). The spectral parameters are shown in Table 6 . These have been considered 398 based on the seismicity of the area and the subsoil properties. The near collapse (NC) elastic 399 response spectrum is reported in Figure 12 in the acceleration versus displacement (AD) format. On the other hand, the participating mass ratios in fundamental modes in the X and Y directions 411 found to increase for the IF model ( Fig. 13(b) ). Such trend reflects a regular distribution of infills in 412 plan and elevation. In the current case, the increase of the participating mass ratios was 413 approximately +50% in both directions. 
Pushover analysis (IF and BF models)
415
The pushover analyses performed in X and Y directions for modal and uniform distributions ( 
438
The seismic performance assessment of the models has been performed in the acceleration- 
Effects of the infill-frame local shear interaction in pushover analysis (IF+Local model)
466
With reference to the procedure described in Section 5, the results of the pushover analysis for IF typologies (T1 to T4) recognized and reported in Table 8 .
475
The shear capacity of the columns (VR) has been determined according to the following features of the ground level columns are reported in Table 9 .
487
The actual distribution of the shear strength demand (VD), found by the IF+Local procedure 
510
It is true that pushover analysis is a tool that loses the complex dynamic phenomenon in terms of 511 general degrading and hysteretic behaviour but it gives information about the structural capacity 512 without the need to fix the dynamical parameters (cyclic laws for the materials, for the cross-513 sections, etc,) to which the response is strongly sensitive with risk of much higher errors. 
Conclusions
517
In the paper the assessment of the capacity of the framed r.c. structure of a real school facility is 2) the use of concentric struts fails in the assessment of the safety level because the additional shear 538 demand on columns due to infills is not provided; 
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